Exportin 1 (XPO1) is a nuclear transport receptor involved in the nuclear export of majority proteins in somatic cells. In mammalian oocytes, however, only the presence of XPO1 has been reported at mRNA and protein levels, and the definitive functions of XPO1 and its effects on the meiotic maturation of oocytes have never been directly examined. In the present study, the expression state and the nuclear-export function of porcine XPO1 were analyzed in porcine oocytes. In addition, we investigated the effects of the overexpression and inhibition of XPO1 on meiotic regulation in fullgrown and growing oocytes by mRNA injection and inhibitor treatment. Endogenous XPO1 was stably expressed in porcine oocytes during the germinal vesicle (GV) stage, and the expression of exogenous XPO1 significantly decreased the nuclear localization of XPO1 cargos, snurportin 1, and WEE1B. Inhibition of XPO1 by a specific inhibitor, leptomycin B, delayed the GV breakdown (GVBD), whereas the overexpression of XPO1 by mRNA injection accelerated the GVBD. XPO1 overexpression overcame the meiotic arrest induced by WEE1B expression in full-grown oocytes. Surprisingly, the GVBD of porcine growing oocytes, which could not resume meiosis by the maturation culture in vitro, was induced by the expression of exogenous XPO1. These results showed the presence of XPO1 and its function as a nuclear export receptor in mammalian oocytes, including growing oocytes, and they suggest that the regulation of nuclear transport has a large influence on the GV maintenance and meiotic resumption of oocytes.
Introduction
In mammalian cells, nuclear transport receptors, i.e., importin and exportin, are generally required for the nuclear-cytoplasmic transport of molecules > 50 kDa, such as proteins and nucleic acids [1] . Importin and exportin, which work for nuclear import and export, respectively, bind with their cargos at sequences known as the nuclear-localization signal (NLS) and nuclear-export signal (NES), Underline indicates BamHI sites (XPO1, SNUPN, and EGFP) or sticky ends of BamHI (FLAG). 1 The primers of FLAG were not used for PCR, but used for the synthesis of the FLAG-tag fragment by annealing each other.
respectively. Twenty types of nuclear transport receptors, each of which recognize a different NLS or NES, have been reported to date, and their diversity leads to complexity in the regulation of nuclear transport [2] [3] . Functions of nuclear transport receptors have been studied mainly in somatic cells in vitro, and the analyses in oocytes are limited at present, especially in mammals, although amphibian oocytes were used in early studies [4] [5] . Ovarian oocytes in mammals have a large nucleus, called the germinal vesicle (GV), which is arrested in the first meiotic prophase. The GV is an oocyte-specific nucleus that is different from the nucleus of somatic cells due to its large volume (>100 times in maximum diameter larger than that of general somatic cells), its quite small nuclear membrane/nucleoplasm ratio in its globular form [6] , and the long duration it exists in meiotic prophase (for several decades in some mammals). However, it is not clear at present whether the state of nuclear transport in the GV is the same as that in somatic cells.
Most ovarian oocytes in mammals are nongrown or growing oocytes (GOs). Nongrown oocytes in primordial follicles and GOs in growing follicles are not able to undergo germinal vesicle breakdown (GVBD) for meiotic progression by hormonal stimulation or culturing in vitro, even though their diameter reaches >80% of fullgrown oocytes [7] [8] [9] [10] [11] . Meiotic resumption is induced by maturation promoting factor (MPF), and the nuclear localization of MPF components and MPF regulators have been reported to change in mouse full-grown oocytes before the GVBD [12] [13] . Although the involvement of nuclear transport machineries in the meiotic resumption of oocytes was suggested [13] [14] , the effects of nuclear transport receptors on the GVBD have never been proven directly in full-grown oocytes or GOs.
Exportin 1 (XPO1, also known as CRM1) is a nuclear export receptor that recognizes hydrophobic-amino-acid dominant sequences as NES [15] [16] . As a great diversity is permissible in the NES of XPO1 [17] [18] , XPO1 is related to the majority of protein export and, therefore, one of the most important factors for the regulation of nuclear localization. In the present study, to determine whether XPO1 functions in mammalian oocytes, we analyzed the expression state and the nuclear-export function of porcine XPO1 in porcine oocytes. We also investigated the effects of porcine XPO1 on the maturation states of full-grown and GOs to address the involvement of XPO1 in GV maintenance and meiotic resumption.
Materials and methods

Collection and in vitro maturation of porcine oocytes
Ovaries were collected from prepubertal gilts at a commercial slaughterhouse and transported to the laboratory in warm saline. Oocytes with diameters of 115-125 μm were aspirated from follicles 2-5 mm in diameter and used for full-grown oocytes. Growing oocytes with diameters of 95-105 μm were isolated from small follicles (0.4-1.0 mm in diameter) as described previously [11] . Collected cumulusoocyte complexes (COCs) were cultured in maturation medium, modified Krebs-Ringer bicarbonate solution (TYH) [19] containing 20% porcine follicular fluid, 1 IU/mL eCG (ASKA Pharmaceutical) and 3.2 mg/mL BSA (Sigma-Aldrich) up to 72 h. In the case of keeping oocytes at GV stage, 100 μM roscovitine (Cell Signaling Technology), an inhibitor of MPF, was added to the maturation medium. For the inhibition of protein synthesis or XPO1, 35 μM cycloheximide (CHX; Wako Pure Chemical Industries) and 200 nM leptomycin B (LMB; Merck Millipore) were added to the maturation medium, respectively. In WEE1B overexpression experiments, WEE1B activity was maintained by the addition of 0.5 mM dibutyryl cyclic adenosine 3',5'-monophosphate (dbcAMP; Sigma-Aldrich), a cAMP analog, in the medium. All cultures were performed at 37
• C under 5% CO 2 in air and saturated humidity. After culture, the surrounding cumulus cells were removed by repeated pipetting. The nuclear status was examined after fixing with 25% acetic acid in ethanol and stained with 0.75% aceto-orcein solution.
Cloning of XPO1 and SNUPN and vector construction
For the cloning of porcine XPO1 cDNA, primer pairs (Table 1) were designed according to the sequences found in a porcine EST database (NCBI), using human XPO1 as the query data. The forward primer has a BamHI site at the 5 -end for the subsequent insertion of FLAGtag. A whole porcine XPO1 ORF was obtained by RT-PCR of the total RNA obtained from porcine noncultured oocytes, and the PCR product was cloned into pGEM-T Easy vector (Promega). We synthesized the FLAG-tag fragment with sticky ends of BamHI by the annealing of FLAG primers (Table 1) , and inserted the fragment into the BamHI site of XPO1 vector to detect the expression of exogenous XPO1. Snurportin 1 (SNUPN) cDNA was synthesized by RT-PCR of the same total RNA using the primer pairs (Table 1 ) designed according to the sequence found in the NCBI nucleotide database, and cloned into pGEM-T Easy vector. Both primers have a BamHI site for the subsequent insertion into enhanced green fluorescent protein (EGFP) vector, and the stop codon was deleted from the reverse primer. EGFP cDNA with a BamHI site at the 5 -end was synthesized by the PCR of EGFP/pGEM-3Z [20] and cloned into pGEM-T Easy vector. We inserted the BamHI-treated SNUPN fragment into the BamHI site of EGFP vector for the detection of subcellular localization. These coding vectors were sequenced using a commercial sequencing kit (Applied Biosystems) and a DNA sequencer (Applied Biosystems) according to the manufacturer's instructions.
In vitro transcription of mRNA
For the in vitro synthesis of mRNAs, the vectors of FLAG-tagged XPO1 (FLAG-XPO1) and EGFP-tagged SNUPN (SNUPN-EGFP) were linearized by appropriate restriction enzymes and transcribed in vitro in the presence of m7G(5 )ppp(5 )G to synthesize capped RNAs with either T3 or T7 RNA polymerase (Promega). Messenger RNAs of FLAG-tagged WEE1B (FLAG-WEE1B), EGFP-tagged WEE1B (WEE1B-EGFP), and EGFP mRNA were prepared by the same procedure from the vectors reported previously [14, 20] . The RNA transcripts were precipitated with absolute ethanol, washed, and resuspended in RNase-free water. The RNA solutions were stored at -80 • C until use.
Microinjection
Microinjection was performed using an inverted microscope equipped with a microinjector (Narishige). Approximately 50 pL of RNA solution was injected into each ooplasm of noncultured porcine COCs using continuous pneumatic pressure. Messenger RNAs were mixed as described in each experiment, and EGFP mRNA was added in all injected mixtures, except for the mixtures containing mRNA of EGFP-tagged cargos. The final concentrations of each mRNA in the injection mixtures were 500 ng/μL for FLAG-XPO1 and FLAG-WEE1B, 350 ng/μL for SNUPN-EGFP and WEE1B-EGFP, and 50 ng/μL for EGFP. After the injection, the COCs were cultured as described above and the oocytes expressing EGFP were collected and subjected to the following analyses.
Immunoblotting
The western blotting was performed according to the standard protocol. In the case of maturation experiments, the micro-western blotting, a small-scale immunoblotting system, was used [21] . Fifteen oocytes were applied per lane. The antibodies used were antiExportin1/CRM1 polyclonal antibody (E7909; Sigma-Aldrich), anti-CDK1 monoclonal antibody (Sc-54; Santa Cruz Biotechnology), anti-FLAG antibody (F1804; Sigma-Aldrich), anti-GFP Tag polyclonal antibody (AS-29779; AnaSpec), anti-Cyclin B1 (CCNB1) monoclonal antibody (ADI-KAM-CC195; Enzo Life Sciences), and anti-RSK polyclonal antibody (Sc-231-G; Santa Cruz Biotechnology). To visualize the protein-bound antibodies, horse radish peroxidase (HRP)-conjugated anti-mouse IgG (Jackson ImmunoResearch Laboratories), HRP-conjugated anti-rabbit IgG (Merck Millipore), or HRP-conjugated anti-goat IgG (Jackson ImmunoResearch Laboratories) was used as a second layer, followed by a detection using ImmunoStar LD (Wako Pure Chemical Industries) and C-Digit (LiCor) according to the manufacturer's instructions. Relative intensity of signals was quantified using ImageJ software (National Institutes of Health).
Localization analysis of cargos
Cargo-mRNA-injected COCs were cultured with 100 μM roscovitine for 24 h to maintain the GV stage. After the expression of cargo protein, denuded oocytes were fixed in 3.5% paraformaldehyde for 1 h, permeabilized in 0.1% Triton X-100 for 20 min. DNA was stained with 100 μg/ml propidium iodide (PI) for 30 min. All reagents were prepared with PBS containing 0.1% polyvinylpyrrolidone. The oocytes were mounted on a glass slide and then examined under a confocal laser scanning microscope (LSM 700; Carl Zeiss). The fluorescence intensity of each oocyte was analyzed using ImageJ software. The ratio of fluorescence intensity in the nucleus to that in the cytoplasm was calculated as the nuclear localization index of cargos (details are shown in Supplementary Figure S1 ).
Statistical analysis
Each experiment was repeated more than three times. The results were evaluated with the Mann-Whitney U-test, chi-square test, or Student t-test appropriately. A P-value < 0.05 was considered significant.
Results
Expression of endogenous XPO1 in porcine oocytes
The expression of endogenous XPO1 was examined by western blotting using an antibody against the C-terminal of human XPO1, and a band was detected at the expected position of porcine XPO1 (about 125 kDa, Supplementary Figures S2 and S3) in oocytes both before and after the maturation culture. The band intensity was decreased significantly after 48 h of culture, suggesting the gradual degradation with meiotic progression ( Figure 1A) . We examined the turnover of XPO1 protein in GV-arrested porcine oocytes in the presence of a protein synthesis inhibitor, CHX. The addition of roscovitine (an inhibitor of MPF) arrested the oocytes at the GV stage, and it was confirmed by the no-increase of CCNB, which is generally accumulated after GVBD. The XPO1 band intensity was almost unchanged in the oocytes arrested at the GV stage even after 48 h of culture, and the intensity was not affected by the addition of CHX ( Figure 1B) , indicating a stable existence of XPO1 without significant synthesis and degradation in GV-stage oocytes.
Cloning of porcine XPO1 and analysis of nuclear-export function in GV oocytes
Because the full sequence of porcine XPO1 has not been reported, we cloned full-length cDNA of porcine XPO1 by RT-PCR from total RNA obtained from GV oocytes. The obtained porcine XPO1 sequence was submitted to the DDBJ database with the accession number LC309010 (Supplementary Figure S2) . The predicted amino acid sequence is approximately 99% homologous to human and mouse XPO1, indicating high conservation in mammals. In vitro synthesized mRNA of N-terminal-FLAG-tagged porcine XPO1 was injected into GV oocytes and its expression was confirmed 24 h after injection by immunoblotting using an anti-FLAG antibody (Figure 2A ).
To analyze the nuclear-export function of XPO1 in porcine oocytes, we injected mRNAs of EGFP-tagged cargos, i.e., SNUPN-EGFP and WEE1B-EGFP, into GV oocytes with or without XPO1 mRNA, and we calculated the nuclear localization index as the ratio of the EGFP concentration in the nucleus to that in the cytoplasm (Supplementary Figure S1) . The expression levels of SNUPN-EGFP and WEE1B-EGFP were not affected by the coinjection of XPO1 (Supplementary Figure S4) . The SNUPN-EGFP and WEE1B-EGFP concentrations in the nucleus were approximately 4.5 and 9 times higher than those in the cytoplasm, respectively, and each nuclear localization index was significantly decreased by approximately half by the coexpression of XPO1 (Figure 2B and C) . These results show that porcine XPO1 functions as a nuclear export receptor in porcine GV oocytes. were inhibited by roscovitine (Ros) and cycloheximide (CHX), respectively. CCNB1, which is accumulated after GVBD, was used as the indicator of GV arrest.
Effects of XPO1 on the meiotic maturation of porcine oocytes
The effects of XPO1 on oocyte maturation were examined by the inhibition and the stimulation of XPO1 function in porcine immature oocytes. First, endogenous XPO1 was inhibited by a specific inhibitor, LMB [16, [22] [23] , and the GVBD time course and maturation rate were examined. In control oocytes, 54% and 78% of the oocytes underwent GVBD at 24 h and 48 h of culture, respectively, and 77% was matured until the second meiotic metaphase ( Figure 3A ) as reported previously [10, [24] [25] . In contrast, the GVBD rates were 16% and 51% in LMB-treated oocytes at 24 h and 48 h of culture, respectively, and these rates including the maturation rate of 36% at 48 h were significantly lower than those of nontreated control oocytes ( Figure 3A) . The GVBD and maturation rates of the LMB-treated oocytes, however, reached a level comparable to those of the control oocytes when the maturation culture was prolonged to 72 h ( Figure 3A) , indicating a delay, but not arrest, of maturation by the inhibition of XPO1 in porcine oocytes. The accumulation of CCNB and the phosphorylation of RSK, a downstream factor of the MAP kinase cascade, have been reported at the resumption and later of the meiosis in porcine oocytes [26] [27] . These events were clearly detected from 24 h of culture in control oocytes, whereas the CCNB level and RSK phosphorylation were much lower in the 24 h-cultured LMB-treated oocytes (Figure 3B) , confirming the lower GVBD rate at 24 h of culture by the inhibition of XPO1. Next, XPO1 function was elevated by the overexpression by XPO1 mRNA injection, and we examined the effects on meiotic maturation. GVBD was observed from 12 h of culture in XPO1 mRNA-injected oocytes, and the rate was significantly higher at 18 h and until 48 h of culture compared to that of the EGFP mRNA-injected control oocytes ( Figure 3C ). In addition, CCNB accumulation and RSK phosphorylation were detected in XPO1-overexpressing oocytes from 18 h of culture, which is earlier than those in the noninjected oocytes ( Figure 3D ), indicating the acceleration of meiotic resumption by the stimulation of XPO1 in porcine oocytes.
Effects of XPO1 on the GV-maintenance function of WEE1B
As the involvement of XPO1 in the meiotic resumption of porcine oocytes was suggested above, we hypothesized that the nuclear export of WEE1B, one of the XPO1 cargos, was the cause of the accelerated GVBD observed above. WEE1B has been known to phosphorylate and inhibit CDK1, a catalytic subunit of MPF, in the nucleus of GV oocytes and to play a role in the maintenance of GV [28] . The GVBD rate of oocytes cultured in the presence of a low concentration (0.5 mM) of cAMP, required for the maintenance of WEE1B activity, was 53% at 48 h of culture, and this rate was significantly decreased to 9% by the injection of WEE1B mRNA into porcine GV oocytes ( Figure 4A ) as reported previously [29] . Coexpression of XPO1 with WEE1B in these GVBD-repressed oocytes restored the GVBD rate to a level (56%) that was comparable to that in the noninjected control oocytes ( Figure 4A ). The coexpression of XPO1 also rescued the CCNB accumulation and RSK phosphorylation, which were inhibited by WEE1B overexpression ( Figure 4B ). These results suggest that the nuclear export of WEE1B is one of the mechanisms of the XPO1 stimulation of meiotic resumption in porcine oocytes.
Effects of XPO1 on the GV maintenance in GOs
The above results indicate the involvement of XPO1 in the meiotic resumption of porcine full-grown oocytes via WEE1B nuclear export, at least in part. We then addressed the involvement of XPO1 in the GV maintenance of porcine GOs, which generally could not resume meiosis by maturation culturing. The expression of FLAG-XPO1 by mRNA injection and the nuclear export of WEE1B by XPO1 overexpression were also confirmed in GOs ( Figure 5A and B) . In addition, The expression was confirmed 24 h after the injection using anti-FLAG antibody. CDK1 was used as a loading control. (B) The representative localization of SNUPN-EGFP or WEE1B-EGFP in GV-stage oocytes with or without XPO1 overexpression. DNA was stained with PI. Scale bar, 50 μm. (C) The nuclear localization index of SNUPN or WEE1B was calculated as the ratio of fluorescence intensity in the nucleus to that in the cytoplasm as described in Supplementary Figure S1 . More than eight oocytes were analyzed in each group (mean ± SEM, * P < 0.05).
the nuclear localization index and the degrees of XPO1 transport of WEE1B were almost the same between full-grown oocytes and GOs ( Figure 5C ). The GVBD rate of noninjected GOs was 13% after 48-h culture ( Figure 5D ), and the rate was unaffected by EGFP mRNA injection (data not shown). In contrast, GVBD was observed in 24 h-cultured GOs by the overexpression of XPO1, and the GVBD rate of these GOs increased to 44% at 48 h of culturing (Figure 5D) . Although the CCNB level was scarcely affected by XPO1 overexpression in GOs, the RSK phosphorylation was much stimulated ( Figure 5E ). These results indicate that meiotic resumption could be induced in GOs by the increase of XPO1-mediated nuclear export.
Discussion
XPO1 has been known to be involved in the nuclear export of majority proteins in somatic cells, and it could thus be a critical factor in the regulation of nuclear transport. In mammalian oocytes, however, only the presence of XPO1 mRNA and protein has been reported in mouse oocytes [30] [31] , and definitive functions of XPO1 have never been directly shown. Our present findings confirmed the expression states and the nuclear-export function of XPO1 in mammalian oocytes, with our use of porcine oocytes as a model. No obvious changes were detected in the XPO1 protein level in GV-arrested oocytes in this study; not even by the inhibition of novel protein synthesis. This result shows a stable existence of XPO1 without significant synthesis and degradation in GV-stage oocytes. On the other hand, a decrease of XPO1 protein was observed after the maturation of the oocytes, suggesting the meiosis-dependent regulation of XPO1 protein in porcine oocytes. We next examined the localization of SNUPN and WEE1B after the overexpression of exogenous porcine XPO1 in GV oocytes, and we detected a significant decrease of nuclear localization in both SNUPN and WEE1B. SNUPN has generally been used as a cargo of XPO1 in somatic cells [32] [33] , and this result showed that XPO1 also worked as a nuclear export receptor in porcine GV-stage oocytes. On the other hand, although WEE1B has been reported to be a possible cargo of XPO1 by the presence of an NES-like sequence [29] and its nuclear localization changes were reported to be related to the resumption of oocyte meiosis [13] , our present result confirmed experimentally that WEE1B is indeed a cargo of XPO1.
These results showed directly for the first time that XPO1 plays a role in the nuclear export of proteins in mammalian GV-stage oocytes. Because XPO1 could recognize so many proteins as cargos, and since the XPO1 expression level is quite stable in porcine GV oocytes, the nuclear export amount of each cargo during the GV stage might be regulated independently of the XPO1 protein level. It has been reported in somatic cells that the affinity between XPO1 and cargos is changed by the amino-acid sequences and the chemical modification of NES, as well as by the binding of cargos with other regulating factors [34] [35] [36] . Therefore, this situation should also be the case in mammalian GV-stage oocytes, and the nuclear export efficiency of the XPO1 cargos are expected to be determined mainly by the cargo side factors.
The meiotic resumption of oocytes has been reported to be related to the nuclear localization changes in maturation-regulating factors. WEE1B, which was defined as a cargo of XPO1 in the present study, is a kinase phosphorylating MPF component that is also known as CDK1, and is known to keep MPF inactive [28] . We reported previously that NLS-deleted WEE1B could not maintain the meiotic arrest of GV-stage oocytes, and we suggested the requirement of the nuclear localization of WEE1B for its meiosis-regulating function [14] . At present, however, the relationship between XPO1 and the localization of maturation-regulating factors is not fully understood, and there has been no report showing direct relations between the regulation of mammalian oocyte maturation and XPO1 function. In the present study, the addition of LMB, a specific XPO1 inhibitor, delayed the GVBD of porcine oocytes, and conversely the overexpression of XPO1 accelerated it. Although the mechanism is not fully clear, our data showing the GVBD induction by the coexpression of XPO1 with WEE1B in the oocytes, which were arrested at the GV stage by the WEE1B overexpression, suggests that the nuclear export of WEE1B by XPO1 is one of the causes of this phenomenon. Generally, the decrease of PKA activity along with the decrease of cAMP concentration before the GVBD induced the inactivation of WEE1B, which caused a slight increase in MPF activity, and this MPF enhancement has been reported to lead to a nuclear export of WEE1B and meiotic resumption [13] . The accelerated GVBD by the overexpression of XPO1 in the present study might be attributable to the accelerated nuclear export of WEE1B before the slight MPF enhancement. Our results, which revealed the effects of XPO1 on the timing of the meiotic resumption of mammalian oocytes, are the first pieces of experimental evidence indicating the involvement of a nuclear-exporting receptor in the regulation of meiotic maturation.
Growing oocytes, unlike full-grown oocytes, cannot resume meiosis by hormonal stimulations in vivo or maturation culturing in vitro [7] [8] [9] [10] [11] . This inability is attributed to the active function of the MPF inactivation mechanism, as well as the lack of MPF itself [10] [11] . In the present study, the involvement of a nuclear-transport mechanism in the maintenance of GV arrest of GOs was also investigated by XPO1 overexpression in porcine GOs, and surprisingly, the increase in the nuclear export of some factors by XPO1 induced meiotic resumption in nearly half of the GOs. Although it cannot be concluded that WEE1B nuclear export mediated the GVBD of GOs, WEE1B involvement is possible, as its nuclear export by XPO1 was confirmed by the present results in GOs. Our data are valuable in terms of showing that only the localization regulation could induce meiotic resumption in GOs, and conversely, they suggest that the maintenance of GV arrest in ovarian follicles requires the constant nuclear transport and stable localization of the meiotic regulation factors, such as WEE1B. Indeed, the degree of WEE1B nuclear localization and the efficiency of WEE1B nuclear export by exogenous XPO1 were almost the same between full-grown and GOs (compare Figures 2B and 5B ), and the XPO1 protein level was unchanged during the GV stage ( Figure 1B) . These results might suggest that the balance of nuclear transport in the meiotic-arrested oocytes was stable, contributing to the insurance of GV maintenance.
In summary, XPO1 was expressed in mammalian oocytes, including GOs, and functioned as a nuclear export receptor. In addition, the regulation of nuclear transport, in which XPO1 was involved, has a large influence on the GV maintenance and meiotic resumption of oocytes. It should be necessary to investigate not only the nuclear export side but also the nuclear import side, such as importin alpha and beta, to gain a more comprehensive understanding of the effects of nuclear transport on GV mammalian oocytes.
Supplementary data
Supplementary data are available at BIOLRE online. Figure S1 . Calculation method for cargo's nuclear localization. In order to quantify the nuclear localization of cargos, we calculated the ratio of fluorescence intensity (nucleus/cytoplasm) as the following procedure. The rectangular (yellow) was drawn on the diameter of both the nucleus and the whole oocyte with the fixed lengthwise using ImageJ software. The obtained plot shows the average intensity of the lengthwise of the rectangular. Average of the fluorescence intensity in the nucleus and that in the cytoplasm were calculated as the quotient of their area (red: nucleus (N), green: cytoplasm (C)) divided by their width. If the part of nucleolus was included in the nuclear area, it was excluded for calculation. The ratio of fluorescence intensity in the nucleus to that in the cytoplasm was obtained from each oocyte, and used for a comparison between oocytes with/without XPO1-overexpression. Figure S2 . Sequences of XPO1 cDNA and amino acids.
Supplementary
Supplementary Figure S3 . The complete image of Figure 1A . The expression of endogenous XPO1 during oocyte maturation was analyzed by immunoblotting. The image shows the complete image of the analyzed membranes for anti-XPO1 and anti-CDK1. Arrowhead shows the expected band of endogenous XPO1 (about 125 kDa). The suitability of the band was also confirmed by the increase of the expression levels by FLAG-XPO1 injection (Figure 2A ). Other bands were nonspecific bands recognized by the anti-XPO1 antibody.
Supplementary Figure S4 . The expression levels of cargo proteins in porcine oocytes. The mRNAs of EGFP-tagged cargo proteins, SNUPN-EGFP and WEE1B-EGFP, were injected with or without FLAG-XPO1 mRNA. The expressions of cargo proteins were analyzed by immunoblotting using the antibody of anti-GFP (left panel). Arrow and arrowhead show the expected bands of SNUPN-EGFP and WEE1B-EGFP, respectively. Asterisks show the nonspecific bands for anti-GFP. The expression of exogenous XPO1 was analyzed by reblotting of the same membrane using anti-FLAG antibody (right panel). Arrowheads show the bands of XPO1. CDK1 was used as a loading control. This result shows that the expression levels of cargo proteins are not affected by the expression of XPO1 protein.
